The conventional culture method was compared to coagglutination for detection of Actinobacillus (Haemophilus) pleuropneumoniae in 425 sets of pig lungs. Sera from the same animals were evaluated for antibodies to A. pleuropneumoniae by the complement fixation (CF) test. All samples were collected at 2 packing plants in Iowa. In 2 nonvaccinated herds with no history of respiratory disease, the difference between standard culture results and coagglutination was highly significant (P < 0.001). None of the 57 pigs in this group were positive for A. pleuropneumoniae by conventional culture, but 7 were positive by the coagglutination test. There were 15 animals with CF titers between 1:8 and 1:32. Animals from 6 herds vaccinated for A. pleuropneumoniae and without recent respiratory problems were evaluated. One out of 118 animals tested was positive for A. pleuropneumoniae by standard culture as compared to 9 positive by coagglutination. The difference in positive results between culture and coagglutination was highly significant (P < 0.001). Twenty-eight animals had CF titers to A. pleuropneumoniae (1:4 to ≥ 1: 128). Two hundred fifty lungs and sera samples were collected from 7 herds which had recently experienced varying degrees of respiratory disease. Thirty-nine lungs were positive for A. pleuropneumoniae by culture and 182 were positive by coagglutination. The number of positives detected by coagglutination was significantly different (P < 0.001) from the number positive by culture. There were 172 animals with antibody titers ranging from suspect to ≥ 1:128. There were significantly fewer positive animals detected by standard culture than with the CF test (P < 0.001). There was no significant difference between coagglutination results and CF titers when a titer of 1:4 was used as the positive threshold.
Diagnostic bacteriologists are often frustrated with their inability to recover Actinobacillus (Haemophilus) pleuropneumoniae from respiratory tissue under certain conditions. There have been efforts to circumvent this problem by development of dilution techniques, 2, 6 selective media,' and rapid detection methods. 3 These alternative procedures have met with varying degrees of success.
The potential for isolating A. pleuropneumoniae from lung tissue depends largely on the stage of infection at necropsy. Whereas pure populations of A. pleuropneumoniae are easily recovered from animals with peracute or acute disease, it is often difficult to isolate the organism chronical 1 from animals y infected ani with ch mals, A. ronic lung lesions.
pleuropneumoniae
In is usually present in very low numbers and often coexists with bacteria such as Pasteurella multocida, beta-or alpha-hemolytic streptococci, and Corynebacterium pyogenes. Other deterrents to the recovery of A. pleuropneumoniae are tissues received in the laboratory in From the Veterinary Diagnostic Laboratory, Iowa State University, Ames, IA 50011.
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an autolyzed state and from animals that have been heavily treated with antibiotics. Another concern in the diagnostic laboratory is the interpretation of A. pleuropneumoniae serology results.
It is incumbent upon the serologist to assist the field veterinarian and producer in making decisions about purchase of seed stock, movement of hogs for breeding purposes, vaccination programs, and depopulation on the basis of herd serology profiles. This is especially difficult when there is an endemic, chronic infection present with few or no clinical signs other than inefficient feed conversion and poor rate of gain. Chronically infected animals may serve as inapparent carriers of A. pleuropneumoniae, thus representing a potential threat to susceptible animals in contact with them. Identification of carriers is considered a feature of great epidemiological importance in efforts to control the spread of disease caused by this organism. Serology is the appropriate tool to detect these animals, but, unfortunately, little research has been conducted to determine the relationship of positive titers to the actual presence of bacteria (antigen) in the pig lung. The complement fixation (CF) test is the standard serological method used in evaluating animals for A. pleuropneumoniae antibodies. Serum titers in naturally infected animals are highly variable; some in-fected animals never manifest significant titers and other animals move from positive to negative status in a short period of time. Animals with negative or low CF titers may actually be carriers of the organism. There is a need for developing highly specific and sensitive tests to detect these animals. ' The hidden presence of a causal agent may often be the principal factor affecting the prevalence of a disease in a swine herd. Clinical signs and gross pathological lesions may be absent after long periods of time even though the herd is still infected. It is necessary that these animals be detected if the goal is to achieve and maintain A. pleuropneumoniae-free herds.
The major objectives of this study were to evaluate the usefulness of coagglutination for the detection of A. pleuropneumoniae in porcine lungs and to determine the relationship between the presence of A. pleuropneumoniae or its antigen in the lung and the serologic response of the animal. The CF antibody titers to A. pleuropneumoniae were compared with culture and coagglutination results.
Materials and methods
Collection of lungs and serum samples. Lungs from 425 market-weight hogs in 15 different Iowa herds were evaluated for A. pleuropneumoniae by culture and coagglutination and sera from these animals were tested for A. pleuropneumoniae antibodies by the CF test. The herds were assigned to one of 3 groups: Group A consisted of a total of 57 animals from 2 nonvaccinated herds without a history of A. pleuropneumoniae infection; Group B consisted of 118 animals from 6 vaccinated herds with no significant respiratory disease in the past 2 years; and Group C consisted of 250 animals from 7 nonvaccinated herds that had experienced respiratory infections within the past l-3 months. A large percentage of Group C included pigs that had been treated and recovered from respiratory disease. Blood samples were collected in plain tubes a immediately following heart sticking of the hog. The blood samples were kept at room temperature for 3 hr and refrigerated overnight. The following morning the sera were harvested by centrifugation and inactivated at 56 C for 30 min. Lungs were obtained after identification of the carcasses. The lungs were identified by cards, bagged, and brought to the laboratory, where gross lesions were evaluated. All lungs were tested by the standard culture technique and coagglutination procedure.
Culture procedure. Lungs were cultured for A. pleuropneumoniae by searing the tissue with a heated spatula, incising the tissue with a sterile scalpel, and sampling the exposed area with a sterile cotton swab. The swabs were used to inoculate 2 bovine blood (5%) agar plates by streaking the plates. A "nurse" colony of Staphylococcus epidermidis was cross-streaked on 1 of the plates. The plate with the nurse substreak was incubated in a conventional incubator at 37 C for 18-24 hr. The second plate was incubated anaerobically in a Gas-Pack jar at the same temperature. Bacteria were subsequently identified using conventional morphological, cultural. and biochemical criteria.
Preparation of protein A-bound antisera. Five milliliters of staphylococcal protein A b was allowed to react with 0.5 ml of antiserum for 30 min at 25 C. The suspension was then washed twice with phosphate-buffered saline (PBS), pH 7.2, and resuspended to a concentration of 10% (v/v) in PBS containing 0.001 g of sodium azide c /ml and 0.001 g of bovine serum albumin c /ml. Coagglutination procedure. Approximately 2 g of affected tissue was removed from each set of lungs. The material was ground with a mortar and pestle in the presence of sterile sand and 3 ml of saline. After grinding, the suspension was boiled in a water bath for 10 min and centrifuged at 8,000
x g for 30 min. One drop of the clear supernatant was allowed to react with 1 drop each of types l-, 5-, and 7-specific protein A-bound antisera on a plastic blood typing slide. Positive reactions consisting of definite clumping of antigen usually occurred within 30 sec.
Coagglutination controls. Negative serum controls were assayed with nonimmune antisera from rabbits. Negative tissue controls consisted of tissues from a known A. pleuropneumoniae-free herd and tissues without pneumonic lesions obtained from field cases received at the Iowa State Veterinary Diagnostic Laboratory. Lungs positive for A. pleuropneumoniae by culture were used as positive controls.
There was no cross-reactivity of antisera with homogenates prepared from lung culture positive for Pasteurella multocida, Haemophilus parasuis, Actinobacillus suis, and Bordetella bronchiseptica.
Complement fixation (CF) test. The CF test was conducted according to the described method l0 with modifications by Slavic and Switzer. 9 Statistical analysis. The chi-square test was utilized to determine whether the number of positive animals detected by coagglutination, direct culture, and CF test were significantly different from each other. Differences were considered statistically significant at P < 0.05.
Results
The results of standard culture, coagglutination, and CF test on 425 lungs and serum samples collected at 2 different packing plants are shown in Table 1 . The majority of the lungs had no significant lesions. When present, lesions were commonly found in the dorsal portion of the caudal lobes as poorly defined granular areas with fibrinous pleuritis over the area of lesion.
Healthy nonvaccinated herds: Group A.
The difference between standard culture and coagglutination results was highly significant (P < 0.001). Of 57 animals, none were positive by conventional culture, whereas 7 were positive by the coagglutination test. The 7 animals positive by coagglutination had antibody titers ranging from 1:8 to 1:32. There were 8 additional animals with A. pleuropneumoniae titers.
Herds vaccinated for A. pleuropneumoniae: Group B.
One out of 118 animals was positive by standard culture compared to 9 by coagglutination. The difference in positive results between culture and coagglutination was highlv significant (P < 0.001). Twentv-eight ani- . pleuropneumoniae pneumonia (n = 57) . Group B-Vaccinated animals with no outbreaks in the recent past (n = 118). Group C-Nonvaccinated animals with recent outbreaks of the disease (n = 250). † 1:4 titer = positive. mals had CF titers to A. pleuropneumoniae (1:4 to ≥ 1: 128). All but 2 of those positive by coagglutination showed a positive serologic response.
Herds with respiratory disease: Group C. Lungs from 39 of 250 animals were positive for A. pleuropneumoniae by culture and 182 were positive by coagglutination. One hundred seventy-two of the 182 coagglutination-positive pigs had titers ranging from 1:4 to ≥ 1:128.
There were significantly fewer animals positive for A. pleuropneumoniae by direct culture than by serologic testing (P < 0.001). There was no significant difference between coagglutination results and CF titers when a titer of 1:4 was used as the positive threshold.
Discussion
These results showed that the coagglutination procedure was very effective for detecting A. pleuropneumoniae antigen in lungs of animals that displayed no overt signs of respiratory disease at slaughter. One segment of the study involved 250 pigs from 7 nonvaccinated herds. Each herd had experienced at least 1 episode of respiratory disease during the finishing period. Although previous slaughter surveys and serologic testing had suggested the presence of A. pleuropneumoniae, no definitive diagnosis had been made by recovery of the causative agent. There were 182 of 250 pigs that tested positive for A. pleuropneumoniae by coagglutination, and only 39 of the animals were positive by direct culture of lungs. All but one of those positive by culture were positive by coagglutination.
These data clearly support a confirmation of A. pleuropneumoniae infection in each of the herds tested.
Lungs were also obtained at slaughter from 118 pigs originating from 6 different farms where vaccination programs for A. pleuropneumoniae had been introduced within the past few years following known outbreaks of the disease. Actinobacillus pleuropneumoniae was recovered by culture from only 1 animal, whereas 9 were positive by coagglutination. Even though pos-probably reduced the rate and severity of infection in these herds.
Specimens from 57 pigs in 2 unvaccinated herds with no history of A. pleuropneumoniae infections were also tested. The lungs of 7 of these animals were positive for A. pleuropneumoniae by coagglutination. The organism was not recovered from any of the lungs by culture. These results suggest that A. pleuropneumoniae invades many Iowa herds without causing overt clinical disease and support the results of a previous serologic survey conducted in Iowa?
The CF test is the serological procedure most commonly employed in diagnostic laboratories to monitor animal exposure to A. pleuropneumoniae. The results obtained with this test, especially when interpreted on a herd basis, accurately reflect the presence or absence of A. pleuropneumoniae infection. Moreover, the CF test is particularly useful for detecting chronically infected herds where clinical signs are subtle and intermittent. Diagnosticians are frequently asked to interpret the significance of low serum antibody titers to A. pleuropneumoniae in swine and to predict the potential of these animals as carriers.
The data obtained from lungs and sera of slaughtered animals suggest a direct relationship between positive CF titers and presence of A. pleuropneumoniae in the lung. Two hundred fifteen of 425 animals evaluated had positive CF titers at slaughter. All but 17 of these animals were positive by culture, coagglutination, or both. A possible explanation for positive serology and negative culture or coagglutination is that the organism was residing in the tonsil. The coagglutination test was much more sensitive than culture, detecting 198 positive lungs compared to 40 positive lungs by culture. Some of the animals with the highest CF titers were positive by culture, suggesting that there was an active infection in those animals at the time of slaughter. Most of the animals with titers of 1:4 or 1:8 were negative by culture, indicating that more sensitive methods are needed to detect antigen or bacteria in itive animals were detected by this sensitive method, those animals that are chronically infected or those the low number suggests that immunoprophylaxis that have recovered clinically. Most of the pigs from vaccinated herds were seronegative at slaughter, but there were a few with residual vaccinal titers. Some of the seropositive animals in this group presumably were infected because antigen was detected by coagglutination. In nonvaccinated herds there was a high percentage of animals with CF titers to A. pleuropneumoniae. Most of these animals were undoubtedly in the chronic stages of disease or had completely recovered because lesions were minimal and titers were low (1:4-l:16). Detectability of organisms by coagglutination corresponded well with the presence of antibody titers.
A significant aspect of this research is the knowledge that has been gained relative to interpretation of CF titers. A study conducted in 1981 suggested that CF titers of 1:10 or higher in nonvaccinated herds were indicative of previous exposure. 4 It was later reported that a titer of 1:20 using the methodology outlined in the 1981 study corresponded to a titer of 1:4 by the CF microtiter method currently in use in our laboratory. 8 It has been stated that animals with CF titers as low as 1:4 are potential carriers of the organism? In the present study, A. pleuropneumoniae was shown to be present in some form in lung tissue from marketweight pigs with titers as low as 1:4. These low-titered animals may be inapparent carriers that could become active shedders of A. pleuropneumoniae. 5 The results in this study suggest that CF titers of 1:4 should be considered positive (or at least suspect), because immunological detection of antigen was consistent with these low CF titers. Animals with low titers should be considered potential carriers of A. pleuropneumoniae.
